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Venom Yields of the Philippine Cobra,
Naja naja philippinensis
(Plate I; Text-figure 1; Tables I-II)
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Serum and Vaccine Laboratories, Bureau of Research and Laboratories,
= Department of Health, Alabang, Muntinlupa, Rizal,
Republic of the Philippines.

Data on venom yields of 150 cobras (Naja naja philippinensis) gave an overall average
venom yield per cobra per extraction (AVY/C/E) of 0.33 ml or 70.14 mg and an
overall average total lifetime venom yield per cobra (ATLVY/C) of 2.23 ml or 527.77 mg
for the fresh and corresponding dried venom, respectively.

The ATLVY/C were greater at schedule every 14 days than those at schedule every
7, 21, or 28 days. The all-male groups gave bigger yields than the corresponding all-
female groups. The AVY/C/E in the former increased as the intervals between extrac-
tions lengthened. In the latter the reverse was observed.

The solid content of the venom does not appear to be affected by either sex, time of
the year, or schedule of collection, but the serial records of extractions show a tendency
for this to gradually decline with time. Venom extraction at close intervals resulted in a
marked decline of the solid content, the rate of reduction becoming more marked in direct
proportion to frequency of extraction.

The data on AVY/C/E of several groups indicate a general tendency for this to decline

with time.

INTRODUCTION

N VIEW of the absence of venom suppliers in
I the Philippines, it is essential that the Serum
and Vaccine Laboratories (SVL) undertake
the production of the venom to carry on its
antivenin preparation program. For this pur-
pose, a serpentarium is maintained for cobras
of the species Naja naja philippinensis, and suf-
ficient number of snakes are kept to ensure an
adequate and uninterrupted supply of good qual-
ity venom. The number of snakes is replenished
with cobras caught during field collection trips
undertaken every three or four months.

To provide a basis for a realistic estimate of
the number of cobras needed to supply an ade-
quate amount of the venom to meet the require-
ments of the laboratory for antivenin produc-
tion, records of venom yields are necessary. The
present study was conducted for this purpose as
well as to enable us to work out a schedule of
venom collection which will assure maximum
yields with the facilities available. Experiments
were designed to furnish information on the
possible effects of factors like sex and schedule
or frequency of extraction on venom yields. The
possibility of trends in yields with time was also
investigated.

To the clinicians, data on venom yields may
serve as aids in making an estimate of the
amounts of the specific antivenin which may be
required to neutralize the venom injected in
a bite.

Oliver (1944) states that “the quantity of
venom secreted in the actof biting varies accord-
ing to the species, the size, age, and the condi-
tion of the snake at the time of the bite. In
general, the larger the snake, the greater the
quantity of venom injected, though there are
many exceptions to this generality. The amount
of venom injected depends on the time interval
since the last bite, the venom glands usually
requiring approximately two weeks to regain
their maximum capacity of venom. In a normal
bite, a snake does not expel its full quantity of
venom, but only a small portion and is still
capable of inflicting a fatal bite. Evidence indi-
cates that an enraged snake injects a greater
quantity of venom than one which has not been
angered prior to biting. The amount of venom
released during a spontaneous bite is greater
than that obtained by investigators through
‘milking’ or forced expulsion of the venom.”

He gives the following figures on the approxi-
mate amounts of dry venom obtained at a single
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extraction from common poisonous snakes:

A. North American Species

Copperhead

Water moccasin
Timber rattler

Texas rattler

Florida rattler

Mg.
45— 65
90-150
40- 90

120-300
240-450

B. South and Central American Species
Tropical rattlesnake

Fer-de-lance
Bushmmaster

60-150
80-160
300-500

Christensen (1955), referring to the works of
Grasset, Zoutendyk, and Schaafsma, and Gras-

C. Indian Species
Asiatic cobra
Russell’s viper

D. African Species
Mamba
Puff adder

250-350
200-300

50- 80
70-120

E. Australian Species

Tiger snake
Death adder

35- 50
60- 80

set and Schaafsma gave the following records of
yields of venom of various snakes:

Limit of Indi-

Snake Average Yield vidual Yields Remarks
N. flava 0.12 g Maximum—0.25 g
(128 specimens)
D. angusticeps O.1g
N. haje 072 g Length—7’3"
(1 snake) An enormous yield

S. haemachates

B. arientans

D. typus

0.42 ml (0.1 g)
(over 150 specimens)

0.18 g first milking

0.07 g five days in
captivity

0.1 g three weeks in
captivity

0.015 g average yield
from pair of glands

0.1 ml-1.8 ml
(0.033 g-0.242 g)

Maximum-0.75 g

Solid content
just under 25 %

41% W/W solid
content; (obtained
direct from gland)

Other data on venom yields mentioned by

Christensen include:

Fifteen full grown puff adders gave an aver-

age yield of 0.67 ml (0.186 g).

The following table gives data on venom ob-
tained from different snakes in his laboratory:

Size Yields* Percentage** Solid

Species No. Cm. Min Max. Ave. Min. Max. Ave.
S. haemachates 10 90-120 0.11 0.72 0.35 17.5 28.3 23.9
N. flava 1 150 0.11 27.1
N. haje 1 150 0.12 335
C. rhombeatus 9 45—~ 75 0.07 0.75 0.34 19.3 28.1 23.6
B. cornuta 5 32- 35 0.008 0.087 0.045 24.5 36.4 31.1
B. caudalis 1 60 0.085 27.6
B. gabonica 1 113 1.90 26.4

* Venom from B. cornuta and B. caudalis in g, the others in ml.
** W/W for B. cornuta and B. caudalis venom W/V for others.
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Christensen states that the quantity, composi-
tion, and toxicity of the venom of a given spe-
cies may vary considerably. He mentions that
age, state of health, climate, and even the
“mood” of the snake may affect the character
and quantity of venom. Conant (1952) states
that the snake has some control over the amount
of venom injected in a bite. Minton (1957)
gives the average amount of venom delivered in
a bite by the following venomous species:

A. Elapidae Meg.
North American coral snake
(Micrurus fulvius) 3- 5
Blue krait (Bungarus candidus) 5- 10
Tiger snake (Notechis scutatus) 35— 45
Indian cobra (Naja naja) 175-250
Mamba (Dendroaspis
angusticeps) 75-100
B. Viperidae
African puff adder
(Bitis arientans) 160-200
Russell's viper (Vipera russelli) 150-250
C. Crotalidae
Fer-de-lance (Bothrops atrox) 80-160
Bushmaster (Lachesis muta) 300-500
Western diamondback
rattlesnake (Crotalus atrox) 200-300

Deoras (1966) mentions environment, sex,
scasonality, and frequency of milking as pos-
sible factors affecting venom yields, and in his
studies showed that cobras and kraits produced
more venom when kept in a farm under condi-
tions simulating that of their natural habitat than
when kept in separate cages in a room. The
vipers however, produced more venom when
kept in the room.

MATERIALS AND METHODS

A total of 150 cobras, Naja naja philippinen-
sis, 69 males and 81 females, with an overall
average length of 47.7 inches collected in the
province of Camarines Sur, Luzon Island, were
used to provide the data presented in this study.
All were apparently healthy and freshly caught
at the beginning of cach experiment except as
indicated. Distribution of specimens into groups
for comparison was done in a completely ran-
dom manner from batches comprised of speci-
mens approximately of same lengths. The care
and management of the snakes and the method
of venom collection employed, using a beaker
with rubber diaphragm, have been previously
described (Salafranca, 1967). The freshly col-
lected venom was spread thinly in petri dishes
and placed inside a dessicator over calcium
chloride. The dessicator was sealed and evacu-
ated using a high vacuum pump. It was kept in
the cold room (4°-10°C) until the dried crys-
talline venom could be easily peeled off the

glass. This required one to three or more days
depending upon the thickness of the layer or
the amount of the venom and the condition of
the calcium chloride. The schedule of venom
collections for any given experiment was ob-
served until all the snakes had died.

EXPERIMENT I. Venom was collected from
a group of 29 cobras, 7 males and 22 females
with an average length of 48 inches, every 14
days. The pooled amount was recorded for each
collection schedule.

The average venom yield per cobra per ex-
traction (AVY/C/E) was computed by divid-
ing the total amount collected by the number of
snakes involved at each extraction.

Following the last collection, the overall
AVY/C/E and median were computed.

The average total lifetime venom yields per
cobra (ATLVY/C) was computed by dividing
the total amount of venom collected from each
schedule group by the number of snakes in-
volved in the group.

The percent solid was computed by dividing
the weight of the dry venom by the weight of
the corresponding “wet” venom.

EXPERIMENT II. Thirty cobras with an
average length of 48.9 inches, 15 males and 15
females, were selected from a catch of 37 speci-
mens on the basis of similarities in sizes. Each
sex group was randomly divided into three
equal groups and each group of males paired at
random with a group of females. Each of the
three resulting groups was assigned to one of
three schedules of venom collection, as follows:

Group Schedule of Venom Collection
1la Every 7 days
11b Every 14 days
1Ic Every 28 days

EXPERIMENT III. Thirty-eight cobras with
an average length of 48.9 inches, 19 males and
19 females, were distributed at random into four
groups and their venom collected as indicated
below:

Number Scheduel of
Group and Sex Venom Collection
111a 10 females Every 14 days
I1Ib 10 males Every 14 days
Ilc 9 females Every 28 days
111d 9 males Every 28 days

EXPERIMENT 1IV. Fifty cobras of average
length, 46.6 inches, 25 males and 25 females,



130

New York Zoological Society: Zoologica, Fall, 1972

were distributed into six groups and their venom
collected according to the schedule indicated
below:

Number Scheduel of
Group and Sex Venom Collection
IVa 8 males Every 14 days
1Vb 8 females Every 14 days
1Vc 9 males Every 21 days
Ivd 9 females Every 21 days
IVe 8 males Every 28 days
vt 8 females Every 28 days

EXPERIMENT V. To determine the capacity
for venom production of individual cobras, the
following experiment was performed:

Three male cobras were selected and subjected
to repeated venom extractions at regular inter-
vals during a whole working day according to
the following schedule:

Length

Cobra Schedule of
Number (inches) Venom Collection
1 45 Every 2 hours
2 43.5 Every hour
39 Every half-hour

Cobra no. 1 and cobra no. 2 were obtained
in our regular periodic hunt and had been in the
laboratory serpentarium 22 days at the time of
this experiment. Cobra no. 3 was a specimen
caught within the laboratory premises two days
before this experiment.

A 50-ml beaker of known weight was assigned
to each snake. The venom was extracted as de-
scribed previously (Salafranca, 1967). Due to
the anticipated difficulty of getting accurate vol-
umetric measurements, the weight of the venom
collections were determined instead. The initial
amount collected was rated 100% and the sub-
sequent collections as percentages of the initial
collection.

The data on the serial amounts of venom col-
lected from certain groups in experiments one
to four were plotted in a graph to determine
possible trends with time.

RESULTS AND DiScUssSION

The results of Experiments I to IV are sum-
marized in Table I. A comparison of the
ATLVY/C in three comparable groups of co-
bras, Ila, IIb, and IIc of Experiment II, sub-
jected to 7, 14, and 28-day schedules, respec-
tively; in four comparable groups, IIIa and IIIb,

and Illc and IIId, of Experiment III, subjected
to 14 and 28-day schedule, respectively; and in
six comparable groups, IVa and IVb, IVc and
1Vd, and IVe and IVf of Experiment IV, on 14,
21, and 28-day schedules, respectively, shows
that, in each case, the average was greater in
the group or groups on the every 14-day schedule
of extraction. In Experiment II, using the dry
venom data, the ATLVY/C on the 14-day
schedule (IIb) was 16% and 26% (or 12%
and 11% on the “wet” data) greater than those
on 7-day and 28-day schedules (Ila and Ilc),
respectively. In Experiment III, the all-female
and all-male groups on the 14-day schedule (1Ila
and I1Ib) averaged 35% and 37% (or 55% and
15% on the “wet” data) more venom than the
corresponding all-female and all-male groups on
the 28-day schedule (Illc and IIId). The data
for the all-male and all-female groups on the
14-day schedule in Experiment IV (IVa and
IVb) show 15% and 9% and 18% and 25%
(or 26% and 17% and 24% and 45% on the
“wet” data) greater ATLVY/C than those in
the corresponding all-male and all-female groups
on the 21 and 28-day schedules (IVc and IVd
and IVe and IVf), respectively.

From the data on the dry venom yields for
comparable all-male and all-female groups, it
will be observed that the former consistently
gave greater ATLVY/C. In Experiment III, the
all-male groups on the 14 and 28-day schedules
(IIIb and IIId) gave 32% and 73% (or 50%
and 102% on the “wet” data) more venom than
the corresponding all-female groups (1Ila and
Ilic), while in Experiment IV the all-male
groups on 14, 21, and 28-day schedules (IVa,
IVc and 1Ve) gave 87%, 93%, and 114% (or
102%, 100%, and 149% on the “wet” data)
more than the corresponding all-female groups
(IVb, 1Vd, and 1Vf).

The AVY/C/E on the other hand, in com-
parable groups, was observed to increase with
the increase in intervals between extraction both
in the mixed sex groups as well as in all-male
groups. In Experiment II, we have 58.14 mg,
77.6 mg, and 101.73 mg for 7, 14, and 28-day
schedules, and in Experiment IV, 72.73 mg,
75.75 mg, and 95.71 mg for the all-male groups
on 14, 21, and 28-day schedules, respectively.
The increase in AVY/C/E with the increase in
intervals between extraction appear logical, since
the gland is given correspondingly more time to
recover its full capacity. With the all-female
groups, however, the order is reversed; that is,
the AVY/C/E decreases with increasing inter-
vals. Thus we have for the all-female groups in
Experiment III, 63.66 mg and 57.1 mg for the
14 and 28-day schedules, and in Experiment 1V,
40.74 mg, 40.46 mg, and 35.66 mg for the 14,
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TABLE 1. SUMMARY OF RESULTS, EXPERIMENTS I-IV.
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Cobra Schedule and Record Total Amount
1.D of Extractionsit Collected % Solid ¢
* e (Wet = mg) (Dry = mg)
No, = 1 Eve 2 hours
Sex - M 287.25 (100%) 8l.4 10%
Length - 45" 166,84 ( 58%)
78.38 ( 27%)
94.68 ( 33%)
173.32 ( 60%)
No., = 2 Eve hour
Sex - M 200,94 (100%) 53.27 7%
Length - 43.5" 102,25 ( 51%)
129.46 ( 64%)
144,31 ( 72%)
86,29 ( 43%)
71.60 ( 36%)
No., = 3 Eve half hour
Sex - M 480,72 3100;5 122,13 I 4

Length - 39"

433.02 ( 90%)
392.47 ( 82%)

203.24 ( 42%)
163.67 ( 3u4%)
228.29 ( 47%)
125,47 ( 26%)
161.25 ( 34%)
152,06 ( 32%)
113.03 ( 2u.%)
2.1 ( 20%)
73.63 ( 15%)
98.15 ( 20%)
74.70 ( 16%)
50.25 ( 10%)

# Amount of venom given are in the chronological order of extractions.
Initial extractions are rated 100% and subsequent extractions as percentages of

the initial amount,

¢t Obtained by determining the relation of total dry weight to total
weight of corresponding wet venom,

TaBLE II. SUMMARY OF RESULTS, EXPERIMENT V.
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TEXT-FIGURE 1. Graphic presentation of AVY/C/E* of indicated groups in Experiments I, II, 111, and IV.
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21, and 28-day schedules, respectively. The ob-
servation that the males give more than the
females, however, is as true when we consider
the data on ATLVY/C as the data on the
AVY/C/E in comparable all-male and all-
female groups.

The data on average percent solids of the
venom collected from the various groups in
Experiments I, II, III, and IV do not give indi-
cations that this may be affected by either sex,
season, (period of the year when the experiment
was undertaken), or the schedule of venom ex-
traction observed. The records of the serial
extraction of the majority of individual groups,
however, show a tendency for this to decline
gradually as the number of extractions increased.

The results of Experiment V are summarized
in Table II. It will be observed that the amounts
obtained generally decreased in the order of the
chronology of extraction. The amounts obtained
from cobra no. 3, notwithstanding its smaller
size and greater frequency of extraction (every
half-hour), are greater. This may be explained
by the fact, as pointed to above, that this speci-
men at the time of the experiment was only two
days in captivity and therefore more vigorous
than the other two which have been in captivity
22 days at the time of this experiment. The per-
cent solids of the combined extractions from
each snake decreased as the frequency of extrac-
tion increased, from 10% for the extractions
every two hours to 4% for those at every half-
hour. The percent solids of 10%, 7%, and 4%
obtained for the pooled collections from snakes
1, 2, and 3, respectively, are much lower than
the overall average of 22.14 (15.07% to
29.549% ) percent solids from the yields in Ex-
periments I to IV (Table I). Apparently, re-
peated extractions at the close intervals of every
two hours, hourly, and every half-hour, results
in marked dilution of the venom, the dilution
increasing in that order.

Graphical examination of the chronological
AVY/C/E of several groups included in Ex-

periments I, 11, I1I, and IV (Text-figure 1) indi-
cates a general tendency for yields to decrease
with time. In some groups, the drop in yield from
the first collection to the second or third is more
marked than in others. In a few, there is a rise
from the first extractions to the second or third,
and from then on a general but gradual tendency
to diminish with occasional peaks which are
generally lower than the maximum noted for
that particular group.
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NEWS AND NOTES

Preliminary Report: Status Investigations of
Morelet’s Crocodile in Mexico

FIELD INVESTIGATIONS in the State of Veracruz,
Mexico, were carried out in early August, 1971,
to examine the status of several populations of
Morelet’s crocodile and to obtain basic infor-
mation on their natural history and ecology.

Habitat surveys, population estimates, and
behavioral observations, by both day and night,
were undertaken in two locations, nr. Alvarado
in the mouth of the Papaloapan River and
Alvarado Lagoon, and in Lake Catemaco in the
Tuxtlas Range. Two field days and one night
were spent in the former locality, five days and
six nights at the latter.

In addition to actual field observations of the
crocodiles themselves a special effort was made
to contact and become friendly with locals in
each area who were reputed to be knowledge-
able about crocodiles and/or involved in the
crocodile hide industry.

For convenience, the two study areas will be
treated separately.

L.AGo DE CATEMACO

Habitat. Lake Catemaco is a freshwater lake
of some 50 square miles located in the Sierra
de las Tuxtlas at approximately 1,100 feet alti-
tude. One major river, the Quetzaloapan, enters
the lake. This forms a marsh of considerable
extent where it runs into the lake on the eastern
side. Several islands of several acres each dot
the lake and there are several shallow embay-
ments scattered along the shore line, the largest
of which is the Arroyo Agrio on the north shore
east of the town of Catemaco at the Coyame
bottling plant. At the current time the crocodile
populations are concentrated in the Arroyo
Agrio, the Arroyo (Quetzaloapan River marsh),
and to a lesser extent in the other embayments
and on the islands. The shores of the lake still
support considerable tropical vegetation though
extensive clearing and other modifications of the
natural cover is underway at diverse points
around the lake. For the most part this habitat
alteration does not involve the immediate lake
shore except in a few points where human habi-
tations are being constructed near the water’s
edge.

The lake is drained along the southwest end
by a river, which is dammed where it crosses
the major highway, Mex. Hwy. 180. Crocodiles
currently exist immediately below the dam in a
small impoundment and, by report, throughout
the river.

Estimated Population. Accurate census of the
population by night was hindered by clear skies
and a full moon. Despite this handicap croco-
diles were seen frequently in the Arroyo Agrio
and the Arroyo and at scattered localities
throughout the lake. These observations are too
scattered and erratic to support more than a
crude estimate of the population’s size; a con-
servative estimate might be 200 crocodiles (all
sizes) in the lake. The estimates of local people
ranged from several hundred to a thousand. This
larger figure is rather unlikely, but cannot be
refuted at this time.

At the time of this visitation, the young of the
year had not yet appeared and three nesting
females were located. The nests are mounds of
vegetation located on the shore in densely vege-
tated areas and are placed from 10 to 40 feet
from the water’s edge. They are highly reminis-
cent of the nests of the American alligator.

The lake houses at least two individuals which
approach eight to nine feet in length. One of
these frequents the Arroyo Agrio and the other
a spit of rock backed by a small marsh south
of and adjacent to the outfall of the Quetzaloa-
pan River.

Hunting Pressure. At the present time, hunt-
ing in the lake is minimal. Seven individuals,
including a five-foot specimen, are held in cap-
tivity in a restaurant, “Las Olas”, on the lake
shore in Catemaco. They are well fed and cared
for, and the owner of the restaurant has a posi-
tive attitude toward the fauna and discourages
the fishermen from molesting the wild popu-
lation.

All the local fishermen questioned expressed
a dismay at the difficulty of marketing hides and
claimed they no longer seek crocodiles though
they may take one occasionally as a target of
opportunity. Skins, they claim, must be sent to
San Luis Potosi or Laredo for sale.

135
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One lagartero of considerable repute lives on
the lake. It was not possible to determine the
extent of this individual’s activities on this visit,
though it was claimed he was not hunting at
this time. This individual displays a commend-
able ecological insight in his pursuit and makes
every effort to protect crocodile nests from dis-
turbance by other humans in the area. Guides
and fishermen in the area were initially reluctant
to take me to nests until reassured repeatedly
that I only wanted to photograph the nests and
would not disturb them.

The general consensus in the area was that
the primary drain on the lake’s population cur-
rently is from visiting “sportsmen” who pay the
local boatmen to take them out hunting. Most
boatmen are reluctant to do this, but are suscep-
tible to economic coercion.

Prospectus. Prospects for the crocodile popu-
lation in Lake Catemaco appear good if the
pointless, random depradations of tourist sports-
men can be controlled, and if development ac-
tivities around the lake can be regulated to pro-
vide a buffer strip of natural area immediately
along the lake edge, particularly in the shallow
bays and arroyos.

An American ornithologist, William Schal-
dach, currently lives in Catemaco and is anxious
to provide support for conservation activities in
the area. He has already been successful in halt-
ing the slaughter of water birds along the lake
by emphasizing their value as tourist attractions
and hopes to extend this coverage to the croco-
diles and turtles in the lake as well. His property
on the lake shore provides a primitive, but con-
venient, research station for visiting biologists.
It would appear that Catemaco might be an
excellent locale to establish a reserve for More-
let’s crocodile if such an undertaking is feasible.

ALVARADO

Alvarado is located on a large lagoon and an
extensive salt-to-brackish marsh system which
provides a great expanse of habitat for croco-
diles of two species, Crocodylus moreletii, con-
fined to the fresh-water portions, and C. acutus,
in the salt and brackish areas. Several rivers

empty into this lagoon, but only the Papaloapan
was examined. The town of Alvarado houses a
market place where many species of aquatic
reptiles can be purchased for food and where
crocodiles of both species have always been
available.

This market had been visited in spring, 1970,
and crocodiles were readily available. On the
current visit the situation was considerably
changed. Few fishermen would admit to hunt-
ing crocodiles and none of the animals were
available for purchase, at least they were not
displayed in the open. All fishermen claimed the
topic was a “delicate” one and stated that hides
were difficult to sell. Some hide traffic still exists,
the chief port of exit being San Luis Potosi, but
most fishermen claim that it is no longer a major
activity.

One night visit was made in the lagoon and
up into the Papaloapan River. Five crocodiles
were observed but could not be approached for
positive identification due to bright moonlight.
Two of the crocodiles, both four feet to six feet
estimated length, were observed in the lagoon
itself and were presumably C. acutus. The re-
maining three specimens, in the two to three foot
size range, were observed in the predominantly
fresh-water situation in the Papaloapan River.
My guide claimed these to be pardos, or C. more-
letii, and said the specific area we were in con-
tained only pardos. This identification, of course,
should be considered tentative, but the habitat
relationship was proper for C. moreletii.

In view of the uncertainties inherent in croco-
dile hunting and the unfavorable light levels
encountered at this visit, I feel that the sighting
of five crocodiles in five hours of boat-time is
an encouraging development. Certainly the croc-
odile populations in this extensive marsh sys-
tem have not been completely hunted out and
may prove to be healthy enough to achieve a
resurgence given effective protection.
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